Background: Operative experience in aesthetic surgery is an important issue affecting plastic surgery residents. Objectives: This study addresses the variability of aesthetic surgery experience during plastic surgery residency. Methods: National operative case logs of chief residents in independent/combined and integrated plastic surgery residency programs were analyzed (2011)(2012)(2013)(2014)(2015). Fold differences between the bottom and top 10th percentiles of residents were calculated for each aesthetic procedure category and training model. The number of residents not achieving case minimums was also calculated. Results: Case logs of 818 plastic surgery residents were analyzed. There was marked variability in craniofacial (range, 6.0-15.0), breast (range, 2.4-5.9), trunk/extremity (range, 3.0-16.0), and miscellaneous (range, 2.7-22.0) procedure categories. In 2015, the bottom 10th percentile of integrated and independent/combined residents did not achieve case minimums for botulinum toxin and dermal fillers. Case minimums were achieved for the other aesthetic procedure categories for all graduating years. Conclusions: Significant variability persists for many aesthetic procedure categories during plastic surgery residency training. Greater efforts may be needed to improve the aesthetic surgery experience of plastic surgery residents.
In the United States, plastic surgery residents receive routine instruction and evaluation in aesthetic surgery as outlined by the Accreditation Council for Graduate Medical Education (ACGME). 1, 2 Standardized measures of cognitive knowledge in aesthetic surgery exist for plastic surgery residents including a yearly in-service examination and the written board exam. 3 However, few standardized measures of procedural competency exist. 4, 5 Case minimums are often used as a surrogate threshold to ensure a baseline level of competency. The ACGME residency review committee establishes these case minimums to ensure basic competency before graduation (Table 1) .
Aesthetic surgery training remains uniquely challenging for plastic surgery residents. 6, 7 High-demanding patients and limited aesthetic surgery volume at academic medical centers restrict the aesthetic experience of many residents. [6] [7] [8] [9] Despite these challenges, plastic surgery residents must perform a certain number of aesthetic surgery cases before graduation. Currently, it is unknown whether aesthetic case minimums are routinely met. Interestingly, plastic surgery residents often feel inadequate to perform aesthetic surgeries like rhinoplasty and facelift. 6 Furthermore, in an evolving era of plastic surgery training, it remains unknown whether US plastic surgery residents perform similar numbers of aesthetic surgery cases. This study was designed to assess the variability in aesthetic experience during plastic surgery residency.
Currently, two models exist for US-based plastic surgery training. The integrated model emerged in the 1960s as an alternative to traditional plastic surgery fellowship training and encompasses six years of clinical training under the supervision of a single residency program director. 10 Now defunct, the combined model encompassed three years of plastic surgery training after completion of three years of general surgery training. The combined model was similar to the current independent model in that both involved three years of training under the guidance of a plastic surgery residency program director.
Given the heterogeneity of US-based plastic surgery residency programs, we hypothesized that significant variability in aesthetic surgery experience would exist within training models. Furthermore, we hypothesized residents would achieve aesthetic case minimums for each graduating year. Ultimately, this study may highlight areas to improve the aesthetic surgery experience for plastic surgery residents.
METHODS
Approval from the institutional review board of the University of Pennsylvania permitted analysis of procedural case logs of plastic surgery residents at ACGMEaccredited residency programs. The ACGME collected these data and provided them in a national aggregate for each graduating class of 2011 to 2015. Table 2 shows the number of residents and programs included in this study.
During 2016, there were over seventy ACGME-accredited integrated plastic surgery residency programs, but only thirty programs were captured in 2015 due to the fact that these logs were cumulative. That is to be included in the case logs, residents needed to matriculate under the integrated model, which has only recently started to proliferate. 11 Thus, case logs provided means, standard deviations, and percentile breakdowns of operative volume at the conclusion of residency. Cumulative data were obtained from integrated and independent/combined plastic surgery residency programs. Thus, integrated case logs represented six years of clinical training while independent/combined represented three years.
The following aesthetic procedure categories were available for analysis: facelift, browlift, blepharoplasty, rhinoplasty, breast augmentation, mastopexy, brachioplasty, abdominoplasty, body lift, thighplasty, and suction-assisted lipoplasty. Statistics were also available for botulinum toxin injection, dermal fillers, and aesthetic laser. Procedural statistics were derived from self-reported, longitudinal data, which were summarized into procedure categories (Supplemental Table 1 , available as Supplementary Material at www.aestheticsurgeryjournal.com).
For each procedure category, fold differences between the bottom and top 10th percentiles were calculated to assess variability within training models. If the bottom 10th percentile reported zero cases, this value was normalized to one to facilitate trend analysis. Changes in variability over time were assessed graphically and with one-way analysis of variance (ANOVA). Graduating year served as the independent variable with fold difference as the dependent variable. An estimate of the number of residents not achieving case minimums was calculated using percentile data. If the bottom 10th percentile performed fewer cases than the required case minimum, then this percentile (0.10) was multiplied by the number of graduating residents to extrapolate the number of residents not achieving case minimums. Statistical tests were two-tailed and performed on GraphPad Prism 6.02 Software (GraphPad, La Jolla, CA). P values less than 0.05 were considered significant.
RESULTS
Case logs of 818 plastic surgery residents were analyzed ( Table 2 ). The majority of residents (n = 526, 64.3%) trained under the independent/combined model vs the integrated model (n = 292, 35.7%).
Fold differences between the 10th and 90th percentiles of reported aesthetic surgery cases were compared over time. Among aesthetic craniofacial surgery cases (Figure 1) , there was greatest variability among browlift procedures (range, 6.0-15.0) with a decreasing trend over time (P < 0.05). Variability for the other aesthetic craniofacial surgery cases were stable over time (P > 0.05). With the exception of a peak in 2011, aesthetic breast cases had the least variability over time (range, 2.4-5.9) (Figure 2 ). There was a trend toward less variability for mastopexy surgery (P < 0.001), but the variability for other aesthetic breast cases remained stable (P > 0.05).
The variability for aesthetic trunk and extremity surgeries ranged from a 3.0-to 16.0-fold ( Figure 3 ). There were no clear trends over time (P > 0.05). In contrast, aesthetic miscellaneous procedures exhibited a trend toward less variability for Botox, fillers, laser, and liposuction procedures (P < 0.05), following a peak in 2013 (range, 2.7-22.0) (Figure 4) .
Finally, percentile data were analyzed to extrapolate the number of residents underreporting required minimums. The bottom 10th percentile of integrated and independent/ combined residents did not achieve procedure minimums for botulinum toxin and fillers during 2015 (Table 1) . These percentiles approximated six and thirteen residents, respectively. Case minimums were achieved for other aesthetic procedure categories during all graduating years.
DISCUSSION
Plastic surgery residency programs in the United States provide variable aesthetic surgery experiences. Significant variability in procedural volume existed within plastic surgery training pathways and approximately ten percent of residents did not achieve case minimums for injectable procedures in 2015. These findings highlight future areas to improve the aesthetic surgery experience of plastic surgery residents.
The etiology for the variability in aesthetic procedural volume observed in our study is likely multifactorial. Resident motivation remains a possible explanation for the high degree of variability between graduating classes. Many plastic surgery residents may pursue primarily reconstructive surgery rotations out of personal interest. Furthermore, plastic surgery residency programs are highly heterogeneous in faculty size, number of trainees, presence of either an integrated or independent residency program, clinical strength, and geography. 5 Importantly, the number of dedicated rotations in specific plastic surgery disciplines remains undefined by the ACGME, 12 which delegates curriculum design to the program director. Aesthetic surgery remains a weakness for many plastic surgery residency programs as aesthetic procedures are often performed in private practices. 6 This fact is highlighted by the predominance of aesthetic surgery fellowships that are based in private practice and are not ACGME-accredited. 13 This private practice based model of aesthetic surgery training may limit the actual hands-on experience for residents among cash-paying clients. Currently, aesthetic fellowships remain popular training opportunities for graduates to obtain additional credibility and confidence performing aesthetic surgery. Several opportunities exist to improve the aesthetic surgery experience for plastic surgery residents. Partnership with local private practices may afford greater opportunities in aesthetic surgery, including exposure to unique practice management styles. Another increasingly popular option is the chief resident clinic. 14 These clinics could easily complement the number of injectable procedures, which was an area of weakness for some plastic surgery residents. Perhaps these clinics could be more longitudinal in nature by beginning during fourth year. The resident aesthetic clinic would afford practice building skills and a more autonomous aesthetic experience. ACGME case minimums are set by the residency review committee and offer another area to improve the resident aesthetic experience. Future studies should assess whether aesthetic case minimums are sufficient to establish competency, but the lack of reported confidence among graduated residents suggest these numbers may be low. 6 Despite these challenges, establishing a robust aesthetic surgery experience at academic medical centers remains achievable. 8, 15 Importantly, the effects of high operative variability on resident competency remain unknown. Previous research has demonstrated that plastic surgery residents feel inadequately prepared to perform aesthetic surgery procedures particularly in the craniofacial region. 6 It remains plausible then that residents in the bottom decile of aesthetic surgery experience would be particularly at risk for incompetence. As a community, plastic surgery educators must determine what is an acceptable level of variability in operative experience for commensurate qualification in aesthetic surgery. Previous research also demonstrates large learning curves for plastic surgery procedures 16, 17 including inferior outcomes for low-volume surgeons. 18 Thus, technical skills acquired during residency training can help predict operative outcomes. A study of bariatric surgeons demonstrated significant increases in complication rates and mortality when comparing the bottom and top quartile of surgeons on a visually graded technical assessment. 19 Surgical ability affects clinical outcomes, yet currently only a small percentage of resident work hours are spent operating. One author estimates that only 14% of resident work hour are spent in the operating room. 20 Perhaps inevitably, surgical residents fall short of the Ericsson ten-thousand hour threshold to become an expert. 21 The challenge to create expert surgeons remains particularly vexing among plastic surgery educators, [22] [23] [24] as many aesthetic surgery procedures require great manual dexterity and technical considerations.
Several limitations offer opportunities for future research. Firstly, resident case data were self-reported and thus susceptible to recall bias and other inaccuracies. Previous studies highlight the limitations of resident case log data including disparate case logging practices by specialty. 25 However, these data are prospectively collected by the ACGME to afford feedback to residents and programs, and thus represent a valuable dataset. Secondly, ACGME case logs contain proprietary information, which precluded the reporting of absolute values in our manuscript. Previous studies have used ACGME plastic surgery residency case logs, 26,27 but we used relative reporting to protect the stated interests of the plastic surgery residency review committee. Thirdly, reported cases reflect varying levels of participation, an issue that may especially affect resident aesthetic experience. Prominent surgeons may prohibit residents from performing critical aspects of aesthetic procedures while residents still log these cases as primary surgeon. Fourthly, operative volume was presented in categories, which precluded a more granular analysis by procedural code (Supplemental Table 1 ). Fifthly, this study assessed the variability at a national level and did not address residency program specific characteristics associated with greater aesthetic surgery experience. Future studies should assess the impact of unique residency program characteristics like rotation structure, greater elective time, clinical faculty size, and presence of chief clinics on resident aesthetic surgery experience. Lastly, the impact of case variability on clinical competency remains unknown. Future studies will link operative experience with procedural competency and perceived confidence. However, there are currently a paucity of assessment tools for procedural competency, which should be the focus of future research. 4, 5 The model for surgical residency training is evolving from a time-based structure to competency-based training. Novel efforts by the ACGME including the Next Accreditation System require the assessment of resident competency, 1 which evolved to the creation of milestones. 28 Within plastic surgery, milestones exist for aesthetic surgery training in facial aesthetics and cosmetic surgery of the trunk and lower extremity. 29 Indeed, the switch to competency-based training may be necessary as work-hour restrictions decrease the effective number of training hours. According to one estimate, work-hour restrictions have effectively eliminated two years of surgical residency training. 30 Thus, perhaps unsurprisingly, a large percentage of plastic surgery residents feel inadequately prepared to perform aesthetic surgery upon graduation. 6 Identifying the variability in our study is the first step toward improving aesthetic surgery training for all plastic surgery residents.
CONCLUSION
The variability in aesthetic surgery case volume of plastic surgery residents highlights future areas for improvement. A small minority of graduating residents in 2015 did not achieve case minimums for injectable procedures. Differences existed in the number of cases performed by integrated and independent/combined residents although these differences varied by year.
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